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ABS TRAC T 14337 
The m a s s  spec t romete r  experiment  on the Explorer  XVII ' sa te l l i te  

h a s  yielded new data on the concentrations of the ma jo r  components of 

the neut ra l  upper a tmosphere  over  a two month per iod in the sp r ing  of 
I 
~1 

1963. These data compare  favorably with r e su l t s  f r o m  the total  densi ty  

exper iments  on the s a m e  spacecraf t  a s  wel l  a s  sa te l l i t e  d r a g  data  and 

d i r ec t  measu remen t s  made  from rockets .  The night m e a s u r e m e n t s  a r e  

in gene ra l  consis tent  with an  i so thermal  a tmosphere  a t  a t empera tu re  

of 650' to 700°K while the dayt ime scale  heights indicate a t empera tu re  

of 825" f 75°K. The re  was a la rge  var iabi l i ty  in the number  densi t ies  

a t  a given alt i tude,  indicating a s t rong sensit ivity to changes in  energy. 

inputs to the a tmosphere ,  par t icu lar ly  to changes in magnet ic  activity. 

Average quiet daytime conditions nea r  260 k i lometers  alt i tude w e r e  

obse rved  to be: N, ,  1.5 * 0.5 X l o 8  c m m 3 ;  0 ,  2.4 k 0.4 X l o 8  ~ r n - ~ ;  

He, 1.4 * 0.3 X l o 6  ~ m - ~ .  Average quiet nighttime conditions a t  400 

k i lome te r s  were :  N , ,  - 2.0 * 1.0 X l o 6  ~ m - ~ ;  0 ,  1.0 i- 0.4 X l o 7  ~ m - ~ ;  He, 

6.0 * 2.0 X l o 5  cm-3 .  The l a rge  horizontal  change in the location of the 

sa te l l i t e  during a measu remen t  precludes the in te rpre ta t ion  of the data  

in  t e r m s  of a s imple ve r t i ca l  profile,  but does offar the possibi l i ty  of 

inLestigating local  t ime o r  o ther  horizontal  gradient  effects  on the 

I 
I 

I 

8 atmospheric! consti tuents.  



1. INTRODUCTION 

P r i o r  to 1963 aeronomic measu remen t s  in the upper a tmosphere  

fell  into two ca tegor ies ;  a r a the r  sma l l  number of d i r ec t  measu remen t s  

by m e a n s  of sounding rockets  and indirect  measu remen t s  based on de-  

ductions f r o m  sa te l l i t e  d rag  acce lera t ions .  The rocket  exper iments  

yielded r e su l t s  in  t e r m s  of densi ty ,  p r e s s u r e  and composition in the 

alt i tude range 100-220 k i lometers  and general ly  over  specific locations 

on the ea r th ' s  su r f ace ,  such as  White Sands,  N. M., F o r t  Churchill ,  

Canada,  o r  Wallops Island, Virginia (J. W. Townsend, e t  a l ,  1954)(l) ,  

(J. W. Townsend and E. B. Meadows, 1958)(*y3), (A .  0. Nie r ,  et  a l ,  

1964)(4), ( A .  A. Pokhunkov, 1963)(5), (E. Meadows-Reed and C. R. Smith, 

1964)(6), (E. J. Schaefer and M. H. Nichols, 1963)('), (D.  R. Taeusch,  

e t  a1)(8), (L. M. Jones ,  1954)(9). From satel l i te  d rag  data on the o ther  

hand it is possible  to obtain continuous monitoring a t  var ious alt i tudes 

cor responding  to the per igee  alt i tudes of par t icu lar  sa te l l i t es  and gen- 

e r a l l y  above 200 k i lometers  (G. V. Groves ,  1961)(1°), (R. J a s t row and 

R. Bryant ,  1960)(11), (L. G. Jacchia ,  1963)(1"), (H. K. Paetzold,  1959)!13), 

(D. G. King-Hele and D.M.C. Walker,  1961)(l4), However,  the informa-  

t ion ga thered  f r o m  d rag  accelerat ions is in  the f o r m  o i p  E''' , Wlierc p 

is the total  density and H is the atmospheric  s ca l e  height,  and this  

quantity has  proven to  be ambiguous as evidenced by the number of 

apparent ly  conflicting a tmospher ic  models  based on the s a m e  obse rva -  

t ions.  Drag  data  have,  nonetheless ,  provided the bulk of the a tmospher ic  in-  

fo rma t ion  a t  a l t i tudes g rea t e r  than 200 k i lometers .  They have demonst ra ted  

the e x t r e m e  var iabi l i ty  of the upper a tmosphe re  and indicated the ma jo r  
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cause  f o r  these variations to be excursions in the so la r  flux incident on 

the atmosphere.  

The  Explorer  XVII aeronomy satel l i te  was  launched on 2 Apri l  1963, 

with the purpose of extending the techniques previously used in rocket  

measurements  to higher alt i tudes and to provide a much broader  cove r -  

age than had been achieved. It c a r r i e d  four p r e s s u r e  gages (G. P. New- 

ton, e t  a l ,  1965)(15), two mass spec t romete r s  and two e lec t ros ta t ic  probes  

to measu re  electron energ ies  and ion density (L. H. Brace ,  et al, 1965)(16). 

The purpose of  this paper  is to present  the majori ty  of the data f r o m  the 

m a s s  spectrometer  experiment  as wel l  as pre l iminary  in te rpre ta t ions  

of the atmospheric  phenomena observed.  Good data w e r e  received from 

one of the spec t romete r s  for approximately 187 r e a l  t ime  interrogat ions 

(pas ses )  covering a two month t ime span following launch. 

the other spec t rometer  indicate a malfunction in the s y s t e m  and will  not 

be reported he re .  

Data f r o m  

2. EXPERIMENT 

2.1 General  

Previous  measu remen t s  of composition in the upper a tmosphe re  

( 17,  18) as well  a s  a number of theoret ical  investigations (M. Nicolet, 1961) 

had indicated that the ma jo r  consti tuents in  the alt i tude range  covered  by 

Explorer  XVII would be molecular  ni t rogen,  a tomic oxygen, and possibly,  

helium. Therefore ,  these th ree  gases  w e r e  the p r i m a r y  ones  investigated 

with the mass spec t romete r s ,  although molecular  oxygen, a tomic ni t rogen 

and water vapor (which might have a f f ec t ed  the a tomic  oxygen m e a s u r e -  

ment) were a l so  monitored. 
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The spin s tabi l ized Explorer  XVII ( N .  W. Spencer ,  1965) (19) was in- 

jec ted  into an  o rb i t  of 58O inclination, 257 k i lometer  per igee  and 900 k i l -  

o m e t e r  apogee, with a spin r a t e  of 90 revolutions p e r  minute.  

was  init ially a t  40' north latitude and moved north to 58' and then south 

to 20' south lati tude during the operating l i fe t ime of the satel l i te .  A s  

the re  was  no data s torage  facil i ty on board  Explorer  XVII, these  orb i t  

p a r a m e t e r s  a r e  par t icu lar ly  important  as they de termine  the re la t ion-  

ship between local  sun t ime and alt i tude for p a s s e s  of the sa te l l i t e  ove r  

any one ground receiving station. 

the ground s ta t ions which allows diurnal /a l t i tude var ia t ions to be ob-  

s e r v e d ,  even though this injects  a geographic var ia t ion a s  well. 

P e r i g e e  

It is the summation of data f r o m  a l l  

Phys ica l ly ,  the satel l i te  was a s ta in less  s t ee l  sphe re ,  35 inches in  

d i ame te r ,  constructed using s ta te-of- the-ar t  techniques in vacuum s y s -  

t e m  design. 

ends of the spin a x i s ,  which a t  launch was  near ly  in the plane of the 

orbi t .  

was  obtained a l i fe t ime of g r e a t e r  than th ree  months.  

mi t ted  via a 9 bit pulse code modulation t e l eme t ry  sys t em,  offering a 

p rec i s ion  in  reading the data  of approximately 0.270. 

The two m a s s  spec t romete r s  w e r e  located on the opposite 

P r i m a r y  power was supplied by wet ce l l  ba t te r ies  f r o m  which 

Data w e r e  t r a n s -  

Usable  data w e r e  not obtained f r o m  the m a s s  spec t romete r  ove r  the 

full sa te l l i t e  l i fe t ime for two reasons.  

axis had p r e c e s s e d  in  such a way a s  to point the spec t romete r  d i rec t ly  

at the sun. 

ene rgy ,  the spec t romete r  and attached de tec tor  amplif ier  reached  quite 

At the end of 290 o rb i t s  the spin 

As the re  was then no chance to diss ipate  a l l  the incident 
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high t empera tu res  (94OC on the spec t romete r  mount). At these  t e m p e r a -  

t u r e s  the output of the amplif ier  was degenerated.  

ax is  had p recessed  sufficiently for  the spec t romete r  and amplif ier  to 

By o rb i t  700 the spin 

cool to operating t empera tu res .  

By orb i t  900 the amplif ier  output again appeared  to  be degenerating. 

This  degeneration took the fo rm of a l a rge  dr i f t  in z c r o  leve l  and a n  a p -  

parent  decrease  i n  voltage gain f o r  the sys tem.  One possible  explanation 

fo r  this  i s  the cumulative effect of energe t ic  pa r t i c l e s  on the high imped-  

ance portions of the e l ec t rome te r  c i rcu i t .  The ampl i f ie r  did not r ecove r  

f rom this degeneration. 

2.2 The Mass  Spec t rometer  

The velocity of the sa te l l i t e ,  about eight k i lome te r s  a second,  was  

high compared to the mean the rma l  velocity of the ambient  g a s  par t ic les .  

This  caused the neut ra l  par t ic les  to approach  with a kinetic energy  which 

var ied  direct ly  with the i r  m a s s  and which ranged between 12 e lec t ron  

volts for molecular  oxygen down to 0.67 e v  f o r  helium. Since the p a r -  

t i c l e s  approached an t i -para l le l  to the sa te l l i t e  velocity vector  t h e r e  was ,  

in effect ,  a flux of par t ic les  beamed at the spec t romete r .  The angle of 

incidence of this  beam was dependent on the or ientat ion of the sa te l l i t e  

with respec t  to i ts  velocity vector .  The  r equ i r emen t  to analyze pa r t i c l e s  

incident in this manner  dictated,  to a l a r g e  extent ,  the ove ra l l  design of 

the experiment  (E. B. Meadows, 1960)(20), (L. G. Hal l ,  e t  al, 1960)(21), 

( N .  W.  Spencer and C .  A. Reber ,  1963)(22),  ( C .  A. Reber  and L. G. Hall,  

1965) ( 2 3 ) .  
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The mass spec t romete r  employed was  a double focusing magnetic 

deflection type designed specifically for satel l i te  use  (F igu re  1 ) .  

design featured a "nude" electron beam ion source  ex terna l  to the sa t e l -  

l i te  sur face  and a n  ion lens  to focus the energet ic  ions formed f r o m  the 

high velocity incident neut ra l  par t ic les .  

of the analyzer  were  held constant and mass selection was achieved by 

stepping between prese lec ted  ion col lectors  located along the spec t rom-  

e t e r  focal plane. 

I ts  

The e lec t r ic  and magnetic fields 

The ion c u r r e n t  incident on the col lectors  was detected by a sens i -  

tive e lec t rometer  amplif ier .  

a logari thmic amplif ier  which compressed  its la rge  dynamic range into 

a f o r m  suitable for  te lemetry.  

allowed, the output of the e lec t rometer  reading,  through the log a m p ,  

was known to within 1.5 to 2.070. 

The output of the e l ec t rome te r  was fed into 

With the precis ion which the t e l eme t ry  

F igure  2 is a photograph of a te lemetry r eco rd  showing the output 

Each data s tep  is four seconds in  length of the logari thmic amplif ier .  

and the re  a r e  two sensit ivity ranges (differing by a factor  of 100) in- 

corpora ted  into the l inear  e iec t rometer  aii-iplificr. 

sequence in  the middle of the run is f r o m  an in-flight ca l ibra tor  for the 

de tec tor  system. 

The calibration 

The " r e z e r o  sample" s tep  in each cycle is  the resu l t  of the ope ra -  

t ion of a c i rcu i t  in  the e lec t rometer  ampl i f ie r  designed to minimize the 

influence of dc dr i f t  of the ze ro  level by once each cycle clamping the 

z e r o  level  to ground potential. Following the z e r o  level monitor the 
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m a s s e s  a r e  sampled  in  the sequence He (4), N (14),  H,O (18),  0, ( 3 2 ) ,  

N, ( 2 8 ) ,  0 (16) and total. 

the constituents in o r d e r  of their  expected abundances,  with the highest  

cur ren ts  measu red  las t .  

level,  following the r e z e r o  operation, would be minimized.  

This par t icular  sequence was  chosen to sample  

Thus the effect of any sma l l  dr i f t  in the z e r o  

This  d r i f t  

was measu red  in t e s t  to be aboiit nne rrdlivclt --- yL I L I I I I I U L C .  -:--*+- 

2 . 3  Experiment  Calibration 

The m a s s  spec t rometer  was  cal ibrated on a high 

using two o r  m o r e  commerc ia l  (Veeco, Westinghouse 

vacuum s y s t e m  

and Varian) 

Bayard-Alpert  p r e s s u r e  gages. 

other  Bayard-Alpert  type p r e s s u r e  gages which in tu rn  had been Cali- 

b ra ted  against a McCleod absolute p r e s s u r e  gage. This  family of ca l -  

ibrated gages includes those against  which the p r e s s u r e  gages on Ex- 

p lo re r  XVII  (G. P. Newton, e t  a l ,  1965)(15) and the omegat ron  pa r t i a l  

p r e s s u r e  gages flown in the The rmosphere  P r o b e s  (N. W. Spencer ,  e t  al, 

1965)(24) w e r e  calibrated.  

These  gages w e r e  cal ibrated against  

The sys t em was pumped to i ts  ult imate vacuum, in the low 1 0 - g t o r r  

range,  and a background spec t rum was obtained. A pure  sample  gas  N, ,  

0, o r  He was then admitted in  sma l l  i nc remen t s  and the readings of the 

p r e s s u r e  gages and the spec t romete r  recorded .  

a maximum p r e s s u r e  of 10-5 t o r r  f o r  He and N, ,  o r  to lo-’ f o r  0, , and 

then the sample gas p r e s s u r e  was  d e c r e a s e d  in s m a l l  increments .  Af te r  

correct ion fo r  the background contributions and chemica l  e f fec ts  ( egg .  

formation of CO upon introduction of oxygen) a l ea s t  squa res  ana lys i s  

This  was continued to 
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was run  on the data to obtain the calibration constant for  each gas. Data 

f r o m  the inc rease  and dec rease  of sample p r e s s u r e  w e r e  used in the 

analysis  and w e r e  quite consistent.  The sensit ivity of the m a s s  spec-  

t rome te r  for  atomic oxygen was  calculated using the r e su l t s  of the molec-  

u la r  oxygen cal ibrat ion and the data of F i te  and Brackman ( W .  L. Fi te  and 

R. T. Brackman,  1959)(*5) on the ratio of c r o s s  sections of atomic and 

molecular  oxygen a s  a function of the energy of the ionizing electrons.  

This  calibration was c a r r i e d  out a t  l eas t  t h ree  t imes  on a s  many 

days before the en t i re  m a s s  spec t rometer  s y s t e m  was subjected to en- 

vironmental  testing in the f o r m  of launch vibration simulation. 

ing vibration the calibration procedure was repeated to t e s t  fo r  any 

change in  s y s t e m  per formance .  

peatable within the limits of reading the laboratory p r e s s u r e  gage con- 

t r o l  units,  o r  about 37’0. 

Follow- 

The s ix  separa te  calibrations were  r e -  

2.4 Data Analysis 

The  p r i m a r y  t a sk  of data analysis was to convert  the te lemetered  

ion c u r r e n t s  into number densi t ies  of the ambient  consti tuents.  These 

ion c u r r e n t s  w e r e  d i rec t  measu remen t s  of the number densit ies of the 

gases  in the ion source ,  o r  sampling volume, a t  the t ime of the m e a s u r e -  

ment .  In general ,  par t ic les  could a r r i v e  in this sampling volume f r o m  

the a tmosphe re  in  one of three ways: (1) ambient  par t ic les  could en ter  

the sou rce  volume direct ly ,  with no p r io r  surface coll isions,  and become 

ionized; ( 2 )  par t ic les  could become ionized a f te r  having undergone one 

o r  m o r e  sur face  interactions in the source  region and having become 
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partially thermalized;  ( 3 )  par t i c l e s  could en ter  the spec t romete r ,  be-  

come completely thermalized,  and pass  through the sampling volume 

upon being re -emi t ted  f r o m  the spec t rometer .  (A  thermal ized  par t ic le  

is one which has  undergone a sufficient number of sur face  coll isions to  

reduce i ts  high init ial  kinetic energy to approximately 0.025 ev ,  equiva- 

l e n t  to  the sztellite ter;;pCratui-ej. 

combining the r e su l t s  with the labora tory  g a s  cal ibrat ions,  the relat ion-  

ship between the measu red  ion cu r ren t s  and the ambient concentrations 

could be deduced. 

B y  studying these three  c a s e s  and 

Despite the precautions taken to minimize  the amount of gas  back- 

ground from the spec t rometer  there  was  s t i l l  some contamination evi-  

dent under ce r t a in  measu remen t  conditions. At t imes  when the spec-  

t rometer  opening was pointing "backward" along the sa te l l i t e  velocity 

vector there  was no ram buildup of pa r t i c l e s ;  on the cont ra ry ,  the number  

of par t ic les  entering the gage f r o m  the a tmosphere  was  negligible due to 

the l a r g e  difference in velocities of the sa te l l i t e  and gas  pa r t i c l e s .  

Horowitz and 13. E. LaGow, 1957)(26). 

however, indicated non-vanishing pa r t i a l  p r e s s u r e s  for  all the compo- 

nents with the exception of helium; these  measu remen t s  indicated the 

gage background p r e s s u r e s ,  due to desorpt ion,  fo r  the var ious gases .  

Over the cour se  of the sa te l l i t e  l i fe t ime t h e r e  was  a sufficient number  

of these background measu remen t s  to allow construct ion of an  outgassing 

his tory f o r  each g a s ;  the background contribution a t  the t ime  of each  at-  

mospheric measurement  was then subt rac ted  f r o m  the measu remen t .  

(R.  

Measurements  at these t i m e s ,  
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The analysis  procedure  was then to (1) a sce r t a in  the background to 

subt rac t  for a given measu remen t  and ( 2 )  multiply the r ema inde r  by the 

appropriate  function to re la te  the measurement  to the a tmosphere :  

where  Nja is the ambient  number density of the j t h  component N l m  is 

the m e a s u r e d  number density,  Nj B K C  i s  the appropriate  background 

density and K j  ( u )  is the factor relating the measu remen t  to the a tmos -  

phere a s  a function of the angle between the gage no rma l  and the sa te l -  

l i te  velocity vector (angle of a t tack,  u). K , ( a )  i s  shown in Figure 3.  

The absolute accu racy  of the number density data is k4070, ref lect-  

ing laboratory vacuum calibration e r r o r  and the uncertaint ies  in the 

ambient  number density calculations. 

component var ies  with the difference in the angles of a t tack for  the passes  

being compared.  

re la t ive  accu racy  is about 3700; for data obtained where  the angles of 

a t tack differ by 70° o r  m o r e ,  the relative accuracy  is about 20%. 

The relat ive accu racy  for  a given 

F o r  passes  where  the angles of attack a r e  s imi l a r  the 

F o r  

d i f fe ren t  components the relat ive accuracy on the s a m e  pass  is wii’riiii 

2070. This allows the mean m a s s  t o  be assigned a wors t  c a s e  accu racy  

of 670. This w o r s t  ca se  is for  a mixture which is essent ia l ly  the two 

components hel ium and atomic oxygen in equal par t s .  F o r  an atomic 

oxygen density ten t imes  that of helium, the e r r o r  drops to l e s s  than 

0.670. F o r  equal p a r t s  molecular  nitrogen and atomic oxygen the mean 

m a s s  e r r o r  is l e s s  than 370; i t  a l s o  dec reases  a s  we inc rease  one com-  

ponent o r  the other .  
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Since the relat ive accuracy  of the number density va r i e s  with the 

angle of attack, this quantity is l is ted in Table I, along with the local  

suntime and other  pertinent information. 

3 .  DATA 

The data were  taken over  geographic a r e a s  centered  on the locations 

of the Minitrack ground receiving stations.  

altitude and local t ime  for  the pas ses  f r o m  which mass spec t romete r  

data a r e  presented a r e  shown in F igure  4. 

ship is determined by orbi ta l  p a r a m e t e r s  including the motion of the  

subperigee point. 

interrelationship between any altitude profile and local  time changes.  

The relat ionships  between 

This  alt i tude-time relat ion-  

It can be seen  f r o m  the f igure that t he re  is a s t rong  

Ambient number densi t ies  as a function of alt i tude a re  shown in 

F igures  5 ,  6 and 7 and 10 through 14. 

the procedures  outlined in the preceding section. 

show data f r o m  passes  with local  t ime between 4.00 hours  and 21.00 hour s ,  

o r  roughly the daytime p a s s e s ,  while F igu res  10 through 14 contain the 

nighttime data. 

f r o m  a single satel l i te  p a s s  a r e  indicated by a pa i r  of points joined by a 

s t ra ight  line. 

These a r e  the data a r r i v e d  at by 

F igu res  5 ,  6 and 7 

Atomic oxygen and molecular  nitrogen data obtained 

Data f r o m  passes  specifically r e fe renced  in  the text o r  of par t icu lar  

in te res t  a r e  indicated on the f igures  by the o rb i t  number  and receiving 

station. These stations and the abbreviat ions used a re  a s  follows: 

Blossom Point, Md. ( B P ) ;  College,  Alaska (COL);  F o r t  Myers ,  Fla. (FTM) ;  
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Grand F o r k s ,  Minn. (GFO);  Quito, Equator (QUI); Mojave, Calif. (MOJ) ;  

Newfoundland ( N F L ) ;  Woomera,  Austral ia  (OOM); Johannesburg,  South 

Af r i ca  (JOB); Winkfield, England (WNK). 

Due to the low signal  to noise f o r  the hel ium data we have had to 

This was r e j ec t  two out of the th ree  hel ium measuremen t s  pe r  pass .  

due to a sma l l ,  unknown z e r o  offset  in the e l ec t rome te r  ampl i f ie r  out-  

put at the t ime of the f i r s t  and third measurement .  The re  i s  thus only 

one hel ium data point presented  for  each pass .  All the measu remen t s  

presented  h e r e  f r o m  a single p a s s ,  N , ,  0 and He, w e r e  taken within one 

minute  of each o ther  in  r e a l  t ime and each data point shown r e p r e s e n t s  

a n  ave rage  ove r  two seconds in  t ime and the re fo re  an  average  of 120 

t e l eme te red  data points. 

displacement  of which no m o r e  than 0.75 k m  i s  ve r t i ca l  motion. 

This  two seconds r e p r e s e n t s  16 km o r  l e s s  i n  

The total  mass densi ty ,  a s  obtained f r o m  the m a s s  spec t romete r ,  

is shown a s  a function of alt i tude in F igu res  8 and 15. 

was  obtained by summing the contributions of the ma jo r  const i tuents ,  

a tomic  oxygen, molecular  nitrogen and hel ium, for  each pass  according 

to the formuia p = 2 n i  m i ;  r i i  is the n ~ r n b e r  d e n i t y  of t h e  i t h  compo- 

nent and m i  is i t s  mass. 

at d i f fe ren t  r e a l  t i m e s ,  and hence a t  different a l t i tudes,  the number 

dens i t i e s  a r e  extrapolated or interpolated within a p a s s  to a r r i v e  a t  

two r e fe rence  al t i tudes p e r  p a s s  for the total  density. 

This  quantity 

A s  the measurements  for  each gas  a r e  made 

F i g u r e s  9 and 16 show the mean molecular  m a s s ,  M =xi  ni  Mi /I ni 

(where  Mi is the atomic m a s s  number of the i th spec ies ) ,  a s  a function 
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of altitude. Here  again the points shown a r e  extrapolated o r  interpolated 

within a pas s  to a r r i v e  a t  two r e fe rence  alt i tudes.  

number densi t ies  of N , ,  0 and He a r e  used ,  any o ther  m e a s u r e d  compo- 

In this  c a s e  only the 

nent having a negligible effect on the resu l t .  

the omission of hydrogen, which the ins t rument  was not designed to m e a s -  

u r e ,  could r a i s e  the calculated mean mass river the ? L P _ ~ U ? !  va!ue at the 

It should be pointed out that  

w 

higher alt i tudes.  

4. DISCUSSION 

4.1 Nighttime Molecular Nitrogen 

By neglecting, for  the t ime being, those nighttime data  taken 

at t imes  of known geomagnetic o r  s o l a r  d i s turbances  one can obtain a 

genera l  idea of the var ia t ion of the N , ,  He and 0 concentrat ions in the 

altitude range f rom 300 km to 500 km. 

182 B P  (F igure  5) occu r red  on 14 and 15 Apr i l  and apparent ly  r e f l ec t ed  

the effect of a sma l l  magnetic d i s turbance ,  A P  = 17,  on the 14th. 

remainder  of the p a s s e s  shown in this  a l t i tude range exhibit an  ove ra l l  

dec rease  in N,  concentration with alt i tude which i s  cons is ten t  with a 

diffusion controlled a tmosphere  a t  a t e m p e r a t u r e  of about 700'K and a n  

absolute concentration a t  400 k m  of 2.0 + 1.0 X l o 6  p e r  cubic cent imeter .  

P a s s e s  163 WNK, 167 B P  and 

The 

The var ia t ions within individual p a s s e s ,  which do not appear  t o  

follow the genera l  alt i tude prof i le ,  can  be understood in p a r t  on the 

bas i s  of the local  t ime var ia t ion between the two measu remen t s .  F o r  

the data  shown in F igure  5 the lower al t i tude m e a s u r e m e n t  is made  in 

genera l  about one half hour  in loca l  t i m e  before  the higher  alt i tude 

12 



I 
I measurement ;  e.g. pas s  237 WNK measured  N ,  at  22.56 hours  and 23.16 

hours .  A difference of about 30' in the loca l  tempera ture  fo r  the two 

measu remen t s  would account f o r  the difference observed between the 

slope for  th i s  p a s s  and the slope fo r  an atmospheric  tempera ture  of 

700°. 

The re  is ,  of c o u r s e ,  a local t ime variation f rom pass  to pas s  i n  the 

I 
I +  

data shown in Figure 5. This variation works  in such a way a s  to place 

the lower altitude da t a ,  300 to  375 km, general ly  e a r l i e r  in  the evening 

than the higher altitude data; for example,  we s e e  that 237 W N K  occur red  

around 23.00 hours  while 138 B P  was monitored a t  2.50 hours .  The re  

thus h a s  been a longer t ime interval since sunset  for  the high altitude 

passes .  

at higher  alt i tudes due to  the inverse dependence of diffusion t ime on 

number  density,  would a c t  to decrease  the relative concentrations of N ,  

a t  higher  alt i tudes with respec t  t o  that observed below 400 k i lometers .  

This ,  combined with the tendency for  equilibrium to occur  f i r s t  

As mentioned e a r l i e r ,  p a s s e s  163 WNK,  167 B P  aiid 152 B P  were  

taken at the t ime of a small magnetic dis turbance,  -Ap = 17, and show an  

i n c r e a s e  of about a factor  of t h r e e  in N ,  concentrations o v e r  the i x z ~ s -  

u remen t s  made at t imes  of lower A . On the other  hand, pass  119 WNK 

co r re sponds  to a t ime when AP was par t icular ly  low with a value of 2 ,  

and t h i s  pas s  indicated N ,  densit ies lower by m o r e  than a f ac to r  of two 

than the average.  

max imum of the 27 day cycle with values of 90 + 2 and while variations 

i n  the  s o l a r  flux did correspond to variations in the N,  concentrat ions,  

P 

The 10.8 c m  solar flux during th i s  t ime  was  a t  the 
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the la rger  variations in concentrations w e r e  associated with changes in  

magnetic activity. The data thus s e e m  to indicate a r a the r  s t rong sen-  

sitivity of the N,  concentrations to magnet ic  conditions. Pass 182 BP ,  

in par t icular ,  shows a n  N, concentration of four t imes  that of the average  

value for  a n  altitude of 430 ki lometers .  This  behavior is in general  qual-  

itative agreement  with the resn l t s  of the prssszrc gage eiipei-iiiierlis UII 

Explorer XVII. It should be pointed out that  all the N ,  data used  in this 

f igure and for this discussion a r e  f r o m  middle to high latitude p a s s e s  in 

the Northern Hemisphere.  

including 0 and He, w e r e  obtained between 3 Apri l  and 22  Apri l  1963. 

All of the nighttime data being d iscussed  h e r e ,  

4.2 Nighttime Atomic Oxygen 

The nighttime atomic oxygen concentration variation with alt i tude 

is shown in Figure 6. 

on the 14th and 15th of Apri l ,  it is noted that the "scale  height" i s  con- 

s i s ten t  with an a tmospher ic  t empera tu re  of about 700° with a number  

density at a n  altitude of 400 k m  of 1.0 * 0.4 X 10' a toms  p e r  cubic cent i -  

me te r .  A s  in the case  of N , ,  the obse rved  changes in concentration with 

altitude for individual p a s s e s  should be in te rpre ted  a s  functions of local  

t ime and other  horizontal  effects  a s  wel l  as ve r t i ca l  var ia t ions.  

Again ignoring the high AP p a s s e s  which o c c u r r e d  
I 

It can be seen  by comparing F igu res  5 and 6 that  t he re  is a l a r g e r  

variation between passes  in the N,  concentrat ions than in the a tomic  

oxygen concentrations. 

phenomena, where,  for any constant value n (zo )  in an i so thermal  region, 

we have the altitude relationship f o r  a gas  component 

This is a na tura l  consequence of the diffusion 
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n ( z )  = n(zo)  exp - - ( m&;) 

where  is an  average  gravitational accelerat ion over  the altitude range 

z o  to z 1  and z = z , - z > 0. F o r  a tempera ture  variation f r o m  T I  to T, 

one obtains 

Thus,  at any altitude z > z o ,  a change in t empera tu re  AT will change the 

concentration of N,  ( m a s s  28)  m o r e  than i t  will affect the concentration 

of 0 ( m a s s  16) in the ra t io  of the m a s s e s  28/16 = 1.75. 

only an  approximation to the  behavior for a change in exospheric t e m -  

This is, of cour se ,  

pe ra tu re  as the value of the tempera ture  gradient in the the rmosphere  

a l so  plays a l a rge  pa r t  in  the concentrations a t  higher alt i tudes.  

instance in a diffusive model  a t  an altitude of 400 ki lometers  the rat io  

of the concentration change fo r  T, = 6 5 0 ° ,  A T  = 50' is 2.04/1.45 = 1.41 

and for  AT = l o o o  this ra t io  i s  3.70/1.98 = 1.87. This approximate r e -  

lationship does however emphas ize  the fact  that heavier  m a s s  compo- 

nents wil l  exhibit a l a r g e r  variation in concentration for  a given t e m -  

pe ra tu re  change than wiii iight conip i iea ts .  

F o r  

F u r t h e r  compar ison  of the N ,  and 0 concentrations shows that they 

a r e  both about 1 X l o 8  c m - 3  near  300 k m  (C. Reber ,  1964)(27). 

rocke t  measu remen t s  indicate that the r a t io  n(N,)/n(O) is a l so  unity 

nea r  200 km (A. 0. Nier ,  e t  a l ,  1964)(28), there  mus t  be a thick region 

(which is a t ransi t ion region) where N,  and 0, being of the s a m e  o r d e r ,  

Since 
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will vary in a ve ry  complex way due to the diurnal var ia t ions of t em-  

perature .  Diffusive conditions must  be such that the t ime requi red  to 

reach  equilibrium is long. 

4.3 Nighttime Helium 

The helium data,  shown in F igure  8 have sufficient s c a t t e r  (due 

possibly to  the low signal to noise) that it is difficult to do m o r e  than 

indicate r a t h e r  g ross  var ia t ions and t rends.  

ence between the observat ions above 600 k m  altitude obtained in the 

Southern Hemisphere and those below 550 k m  f r o m  the Nor thern  Hemi- 

sphere .  

appear  to be consistent with a tmospher ic  t empera tu res  of approximately 

700" but the northern (spr ingt ime)  data appear  to be about 50% lower 

than that f r o m  the south (fall hemisphere) .  This  is not su rp r i s ing  in 

One of these is the d i f f e r -  

The altitude variations of the data f r o m  the two hemisphe res  

itself a s  the concentration of hel ium in the he te rosphere  is believed to  

be extremely sensit ive to the height of the level  where  diffusion begins 

to  predominate over  mixing: an  inc rease  of 5 k i lometers  in the height 

of the diffusion level may  be assoc ia ted  with a d e c r e a s e  by a f ac to r  of 

two in the concentration of hel ium above 200 k i lometers  f o r  the s a m e  

atmospheric  tempera ture  (M. Nicolet, 1961) (18). 

altitude f o r  the diffusion level is expected to be seasonal ly  dependent. 

F u r t h e r m o r e ,  the 

Comparing the nighttime atomic oxygen data  to the hel ium da ta ,  it 

can be seen t h a t  the concentrations of the two spec ies  become comparable  

near  550 ki lometers  in the Nor thern  Hemisphere .  

183 and 242 show helium having a higher concentrat ion than atomic oxygen 

a t  650 kilometers.  

The  two Quito p a s s e s ,  
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4.4 Nighttime Mean Mass  and Total  Mass Density 

The nighttime mass density data a r e  shown in Figure 8. It can be 

seen  that  the total  density in  the northern lati tudes ranges between 

8 L- 2 X lo - ' '  gm c m - 3  at 300 ki lometers  and 1.4 * 0.6 X 

a t  450 ki lometers  altitude. 

t ime data a t  alt i tudes l e s s  than 300 kilometers.  

gm c m - 3  

There  were ,  unfortunately, no usable night- 

In comparing these data to the simultaneous p r e s s u r e  gage m e a s -  

u remen t s  on Explorer  XVII near ly  all the densi t ies  fall  within the l imi t s  

of e r r o r  c la imed for  one o r  the other of the two exper iments  (G. P. New- 

ton, e t  al, 1965) (15). 

which a r e  lower than those f r o m  the m a s s  spec t rometer ,  with a differ-  

ence of l e s s  than 40% for  mos t  comparisons.  

In general  the p r e s s u r e  gages indicate densit ies 

If one makes  a s imple extrapolation of the lower altitude data f r o m  

300 k i lometers  down to 270 ki lometers ,  a compar ison  becomes possible 

with densi t ies  deduced f r o m  satell i te d rag  data for  Explorer  XVII. Upon 

making this extrapolation, using all the low altitude p a s s e s ,  a value a t  

270 k m  is obtained of 2.5 f 1.0 X 

to  20 April.  

i nc reased  magnet ic  activity,  163 WNK, 237 WNK and 254 NFL,  we a r r i v e  

at a lower value f o r  270 k m  of approximately 1.8 f 0.3 X g m  ~ m - ~ .  

This  can be compared  to a value obtained f r o m  d rag  data by Slowey 

(J. Slowey, 1964)(29) fo r  the same per iod and altitude of 3.2 + 1.1 X 

g m  c m - 3 .  

by Slowey the Nicolet model  for a t empera tu re  of 773' is used and the 

g m  cm-3 for the per iod 6 Apri l  

By ignoring those passes  which cor respond to periods of 

It might be pointed out that  in the discussion of drag  r e su l t s  
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resul-ting density is  quoted as being too high. 

deduced by Slowey is 635O (Explorer  XVII  drag)  to  704' ( s o l a r  flux 

F,, . = 81) S O  the densi t ies  should be re ferenced  to  a lower model  

t empe r a tur  e. 

The t empera tu re  range 

Figure 9 presents  the mean mass as a function of altitude. F o r  

altitudes g rea - t e r  th3n 125 kiloirieiers the mean  mass is general ly  less 

than 16 for low so la r  and magnetic activity reflecting the importance 

of helium. 

between 23.00 hours  and 3.00 hours  and f r o m  many Northern Hemisphere 

locations with spread  in latitude of g rea t e r  than 30'. 

kept in  mind, of course ,  that  the concentration of hydrogen is not in-  

cluded i n  these mean mass data. 

The majori ty  of these data w e r e  obtained in the t ime interval  

It should a l s o  be 

4.5 Daytime Molecular Nitrogen 

If there  is any one outstanding c h a r a c t e r i s t i c  of the r e s u l t s  of the 

daytime N ,  measu remen t s ,  it is the ex t r eme  variabil i ty of the concen- 

t r a t ion  over the two month period of observat ion (F igu re  10). A s  the 

g r e a t e s t  number of measu remen t s  w e r e  made  n e a r  per igee  (258 k m ) ,  

this  altitude presented the highest  probabili ty of seeing variations.  This  

was  in fact borne out, as ten measu remen t s  between 260 and 265 kilo- 

m e t e r s  displayed a variation of near ly  a decade. 

Between 21 May and 31 May, the loca l  time of the per igee  m e a s u r e -  

ments  ranged between 12.70 hours  and 10.30 hour s  and the N ,  concen- 

t ra t ion a t  2 6 5  k i lometers  var ied  f r o m  8.0 X l o 7  c m - 3  to 6.6 X 10' c m - ?  
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Apparently values nea r  1.0 - 2.0 X l o 8  cm-3 a r e  representa t ive  of a v e r -  

age  undisturbed conditions as the higher values (e.g. 831 B P ,  846 B P  and 

876 BP)  followed closely a magnetic dis turbance of A P  = 21. 

An interest ing sidelight to this is that  for  these par t icu lar  p a s s e s  

which indicate a higher  N, density the positive ion density,  a s  m e a s u r e d  

by one of the Explorer  XVII  e lectrostat ic  probes ,  i s  lower than for  c o r -  

responding measu remen t s  on magnetically quiet days (L. H. B r a c e ,  e t  a l ,  

1965)(16). This  is to be expected when one cons iders  that  molecular  

ni t rogen plays a n  important  ro le  in the lo s s  mechanism for e lec t rons  

in  the F- reg ion  (J.  W. Wright, 1964)(30). The lower values of N ,  density 

w e r e  observed  at t i m e s  when AP was no g r e a t e r  than 4 and averaged  

about 3 .  The values at 260 ki lometers  corresponding to re la t ively un- 

d is turbed  conditions a g r e e  quite closely with values obtained by Nier 

(A.  0. Nier ,  et al, 1964)(28), (A .  E. Hedin, e t  a l ,  1964)(31), (H. E. Hinte- 

r e g g e r ,  e t  al,  1964)(32), ( N .  W. Spencer ,  et a l ,  1965)(24) f r o m  rocket  

f l igh ts  in the first p a r t  of 1963. (We obtained N i e r ' s  value at 260 kilo- 

meters by extrapolating h is  measu red  data upward with a diffusive model 

f o r  a t empera tu re  of 800°) .  These  rocket  measu remen t s  indicate con- 

cent ra t ions  for  N ,  at 260 ki lometers  of 1.5 to 2.0 X l o 8  ~ m - ~ .  

m e a s u r e m e n t  of November 1961 indicated a value of 1.1 X l o 9  ~ m - ~  for  

Pokhunkov's 

this s a m e  alt i tude and corresponded to a higher level  of the so l a r  cycle  

(A. A. Pokhunkov, 1963) (5). 

As the observat ions in May moved to higher a l t i tudes in the Northern 

Hemisphe re ,  the t imes  of observat ion became e a r l i e r  in the day until we 
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approached sunr i se  measu remen t s  at 500 k i lometers  ( s e e  F igure  4). 

The dec rease  of the N ,  concentration with alt i tude is consis tent  with a n  

a tmospher ic  t empera tu re  of 825' f 75OK throughout this  morning m e a s -  

urement  period. 

The measu remen t s  in ea r ly  Apr i l ,  all n e a r  the per igee  al t i tude,  

iridicate a number  density of 1.6 - 3.0 X IO8 c m - 3  a t  260 k i lometers .  

These  passes  o c c u r r e d  la te  in the day, 197 COL being a s  la te  as 21.47 

hours .  197 COL, a relat ively high densi ty  measu remen t ,  a l s o  followed 

by two days a minor  magnet ic  s t o r m  of A P  = 17. 

At the 350 k i lometer  level ,  t he re  w e r e  a number of p a s s e s  (772,  

728, and 743 COL) around 7.50 hours  to 8.50 hour s  p r i o r  to 24 May 

which indicate a concentrat ion of 7.5 X l o 6  ~ m - ~ .  

25th of May, t he re  is a continuation of this  group of p a s s e s  (787, 802, 

and 817 COL), but now the concentrat ion is about 1.6 X l o 7  o r  m o r e  than 

a factor  of two inc rease .  

increased  f r o m  89 to 93 and the A P  index inc reased  f r o m  2 to  8 ,  indicat-  

ing again the sensi t ivi ty  of the N,  concentrat ion to modes t  changes in 

magnetic and so la r  conditions. Also,  the h igher  concentrat ion p e r s i s t e d  

a t  l e a s t  through 27 May, while the s o l a r  10.7 c m  index dropped to 76 and 

the AP oscil lated between 6 and 7, indicating pe rhaps  a s t ronge r  sensi t ivi ty  

to AP than to  F,,., 

On and following the 

At the t ime of this  i n c r e a s e ,  the 10.7 c m  flux 

for  values  of these  magnitudes.  

Shown a l so  in F igu re  10 a r e  the r e s u l t s  f r o m  six Southern Hemi -  

sphe re  passes  between 12.00 hours  and 15.00 hours .  These  show a 
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considerable variation in the N ,  concentrations,  indicating ei ther  a dif- 

fe rence  in local  t empera tu res  o r  in  the boundary conditions a t  lower 

levels ,  o r ,  m o r e  l ikely,  differences in both. 

4.6 Daytime Atomic Oxygen 

The daytime atomic oxygen data shown in F igu res  11 and 12 were  

obtained during ea r ly  Apri l  and la te  May in both the Northern and 

Southern Hemispheres .  The Apri l  data, F igure  11, a r e  ent i re ly  f r o m  

the Northern Hemisphere (with the exception of 13  Q U I  which extends 

to - 5 . 3 O ) ,  while the May data shown in F igure  12 include both Northern 

and Southern Hemisphere resu l t s .  

The lowest altitude data shown in F igure  10, f r o m  258 k m  to 300 km,  

w e r e  obtained a t  local  t imes  around sunset.  It is seen  that the concen- 

t ra t ion  of a tomic oxygen near  260 km is 2.0 - 2.7 X l o 8  

comparable  to that for  molecular  nitrogen measu red  a t  the s a m e  t ime.  

The genera l  altitude variation from 260 k m  up is consis tent  with a t em-  

p e r a t u r e  of about 800°.  

which is 

At higher alt i tudes,  the data taken nea r  sunr i se  indicate number 

dens i t ies  of 1.6 + 0.4 X l o 6  ~ r n - ~  at 500 k m  in the Nor thern  Hemisphere.  

An e a r l y  evening pass  f r o m  Quito indicates a concentration of 1.6 X l o 7  

cm-3 a t  375 k i lometers  and a sunr i se  Quito pas s  a t  675 k i lometers  shows 

1 X l o 5  ~ m - ~ .  

t h e r m a l  diffusive a tmosphere ,  it appears  that  the sun r i se  a tomic oxygen 

measu remen t s  indicate a tempera ture  as high as  the sunse t  m e a s u r e -  

ments indicate, implying a quite rapid response  to the so l a r  energy input. 

If the Northern data a r e  interpreted in t e r m s  of an  i so-  
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Also,  since the sun r i se  data  a r e  en t i re ly  f r o m  above 450 k i lome te r s  

altitude, a rap id  response  would be expected due to the low number  

density. 

so  the  t ime requi red  to es tab l i sh  equi l ibr ium a t  the higher  alt i tude would 

a l so  be 0.01 that requi red  a t  260 k i lometers .  

The concentration a t  450 k m  is only about 0.01 that  a t  per igee  

The data acquired f r o m  20 May to 31 May, F igure  12, include 

Northern and Southern Hemisphere  measu remen t s  up to 600 k i lome te r s  

altitude and ranges  f r o m  nea r  sun r i se  to mid-afternoon. At per igee  

t h e r e  a r e  concentrations f r o m  9 X l o 7  cm-3 (724 WNK) to 2.5 X l o 8  c m d 3  

(817 FTM) a t  noon t ime ,  emphasizing again the l a r g e  var ia t ions  en-  

countered. The O/N ra t io s  on magnet ical ly  undis turbed days typically 

range  between 1.0 and 1.6, with two examples  (753 WNK and 118 BP) 

g r e a t e r  by an  o r d e r  of magnitude. These  data  imply an  O / N 2  ra t io  of 

unity between 200 km and 250 km,  in ag reemen t  with rocke t  m e a s u r e -  

ments .  

Southern Hemisphere  p a s s e s  show a genera l ly  higher  oxygen concent ra -  

tion than the Nor thern  p a s s e s  by about a f ac to r  of five; the Southern 

p a s s e s  a r e  mid-afternoon m e a s u r e m e n t s  while the Nor thern  obse rva -  

t ions were general ly  made  in the ear ly- to-mid-morning .  

At alt i tudes g r e a t e r  than 450 k i lome te r s  i t  is noted tha t  the 

4.7 Daytime Helium 

Figures  13 and 14 show the r e s u l t s  of the he l ium m e a s u r e m e n t s  UP 

to 735 ki lometers ;  F igure  13 contains the da ta  obtained in  Apr i l  at 

no r the rn  lati tudes and nea r  the equator ,  while F igu re  14 p r e s e n t s  the 

May data ,  nor thern ,  southern and equator ia l .  
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At 260 kilometers in April  the data show he l ium concentrations of 

about 1.4 f 0.3 X l o 6  cm-3  at local t imes nea r  sunset  in the Nor thern  

Hemisphere.  At 500 ki lometers  around sunr i se ,  this concentration fal ls  

to 4.5 f 1.5 X l o 5  ~ m - ~ .  It is seen that this  dec rease  with altitude is 

general ly  consistent with a temperature  of 800'. 

The equatorial  pas ses  a t  high altitudes near  sunr i se  indicate a gen- 

e ra l ly  higher number density for  helium than i s  obtained a t  higher  la t i -  

tudes.  If the concentrations obtained a t  alt i tudes near  700 k i lometers  

a t  the equator a r e  the resu l t  of an isothermal  diffusive a tmosphe re ,  then 

the concentrations h e r e  appear  to be about 2.5 t imes  the concentrations 

f a r t h e r  north. The re  mus t  be some  effect other  than jus t  a change in 

a tmosphe r i c  t empera tu re  to cause this difference in the concentration 

as he l ium is relatively insensit ive to t empera tu re  variations.  F o r  ex-  

ample ,  a change f r o m  800° to 1000° would produce an increase  of only 

1.6 a t  700 ki lometers .  

observed.  

This is not enough to explain the differences 

The  s a m e  s o r t  of behavior is observed when comparing data ob- 

tained in the la t te r  pa r t  of May: tile he?iur;l d e ~ s i t i e s  in the Southern 

Hemisphe re  a r e  about 3.5 t imes  those obtained a t  northern lati tudes.  

Equator ia l  densi t ies ,  pas ses  803 and 877 QUI, in this ca se  fal l  between 

those obtained in the Nor thern  and Southern Hemispheres .  

Examinat ion of the perigee data again points up a r a the r  la rge  va r i -  

ation between 21 May and 31 May, a s  with the N, and 0 data. 

of he l ium,however , the re  is a different t rend,  a s  those pas ses  which 

In the c a s e  
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exhibited the highest  densi t ies  for  N, and 0, 831 B P ,  846 B P  and 876 BP,  

a r e  among the lowest for  hel ium concentrations.  This would imply dif-  

f e r ing  sensi t ivi t ies  for  the different spec ies  to the var ious mechanisms 

which lead to changes in number densi t ies  above the thermosphere .  

By comparing the daytime hel ium alt i tude behavior with that  of 

a tomic  oxygen, F igu res  11, 1 2 ,  13 and 14, i t  c an  be seen  that a. He/O 

ra t io  of unity i s  attained n e a r  600 k i lome te r s  fo r  both Northern and 

Southern Hemisphe res ,  in Apri l  and May. 

4.8 Davtime Mean Mass and Total  Densitv 

The total  density follows, natural ly ,  the var ia t ions in the concent ra -  

t ions of the major  components f r o m  which i t  was  deduced. The calcula-  

tion of this quantity and i t s  presentat ion a s  a function of alt i tude ( F i g u r e  

15) a r e  advantageous, however,  a s  a means  of compar ison  with o the r  

exper iments  and with d rag  calculat ions,  a s  was done in Section 3.5. 

Thus,  we note that  the dayt ime dens i t ies  calculated for  Apr i l  (about  

20.00 hours)  a r e  1.5 to 2.2 X 

m e t e r s .  

as 3.16 to 3.31 X 

per igee  densi t ies  f r o m  the m a s s  s p e c t r o m e t e r  range  f r o m  about 6.4 X 

lo-’’ g m  ~ m - ~ ,  with the undis turbed conditions 

falling generally l e s s  than 2.5 X 

to 3.80 to 4.79 X 

It appea r s  that  f o r  the p a s s e s  involved t h e r e  i s  a sys t ema t i c  d i f f e rence  

gm C ~ Y I - ~  a t  a n  a l t i tude n e a r  260 kilo- 

F o r  the s a m e  t ime and al t i tude,  the d rag  dens i t ies  a r e  quoted 

g m  c m - 3  (J.  Slowey, 1964)(29).  In May, the 

gm c m - 3  to 4 X 

g m  ~ m - ~ .  This  can  be compared  

gm c m - 3  f o r  the d r a g  r e s u l t s  at the s a m e  alt i tude.  
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I 
of 30y0 to 500/0, with the drag  densit ies showing up higher than the d i r ec t  

I 

I measuremen t s .  

I .  At 450 k i lometers ,  a variation of a decade is seen  between the densi-  

t i es  in the Nor thern  Hemisphere  ear ly  in the morning and those in the 

Southern Hemisphere  around noon one week la te r .  
~. 

It should be noted 

a l so  that a magnetic s t o r m  occurred  p r i o r  to the Southern Hemisphere  

pas ses ,  a s t o r m  which apparently caused a factor  of th ree  increase  in 

density at per igee in this s a m e  time period. Thus,  the variation a t  450 

k i lometers  should not all be attr ibuted to the difference in location and 

local  t ime. 

The mean  m a s s  a t  per igee fo r  the period around this s a m e  magnetic 

s t o r m  is interest ing f r o m  the standpoint of the la rge  increase  exhibited 

(F igu re  16). A compar ison  of the gas concentrations involved shows a n  

inc rease  in atomic oxygen of about 2.5, while molecular  nitrogen va r i e s  

by m o r e  than a factor  of 6. 

6/2.5 = 2.4 while ra t io  of 1.55/1.22 = 1.27 is expected for a t empera tu re  

difference of 100’ f r o m  700° to 800’ f r o m  a diffusive model. 

d i f fe rence  in the variation of 0 and N ,  is m o r e  than expected cn t h e  

The ratio of the variations of 0 and N ,  is 

Thus the 

b a s i s  of diffusive models  for a change in t empera tu re  and mus t  be due 

to changes in the conditions n e a r  the diffusive level. It should be noted 

that  this  ra t io  in the variations of atomic oxygen and molecular  nitrogen 

a l s o  applies to the variation of the n(N,)/n(O) rat io;  i.e. 

25 



Thus the n (0 ) /n (N2)  ra t io  has  var ied by a factor  of 2.4 o v e r  this  same 

t ime  interval of one week. 

would probably explain many of the apparent  "inconsistencies" between 

r e s u l t s  of rocket experiments  in the pas t  where the t ime interval  be-  

tween measurements  has  been months , and somet imes  y e a r s .  

Variations of th i s  magnitude ( o r  l a r g e r )  

4.y Uynamic Effects 

Due to  the high \-elocity of the sa te l l i t e ,  the difference in local  sun 

t ime between measurements  of a gas  concentration made on a sa te l l i t e  

pass  may be as much as an hour ,  although the r e a l  t ime difference is 

only one minute. This effect, combined with a possible variation in 

latitude of 5' o r  m o r e  between data points,  s e r v e s  to locate these m e a s -  

urements  in somet imes  widely differing environments.  

e a r l i e r ,  in those instances where  t h e r e  is a re lat ively l a r g e  variation 

in a tmospheric  p a r a m e t e r s  with t ime  and location, the r e s u l t s  of a p a i r  

of measurements  a t  different alt i tudes will  b e a r  only a complicated 

relationship to a n  instantaneous ve r t i ca l  profile a t  e i the r  measu remen t  

A s  s t r e s s e d  

location. 

This dynamic effect h a s  shown up mos t  noticeably in sa te l l i t e  p a s s e s  

around sunrise  and especial ly  at  nor thern  lati tudes , mos t  probably due 

to  the sequence of measu remen t  p a r a m e t e r s  within a p a s s  in th i s  region. 

F igure  17 shows the var ia t ion of "scale  height", H ,  with local  t ime  f o r  

those passes  where there  is a significant d i f fe rence  in alt i tude between 

measurements .  The "scale  height" h e r e  is calculated by taking the two 

measurement  alt i tudes,  z o  and z along with the corresponding number 

densi t ies ,  n o  and n , and using 
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z 1  - z o  
I n  no/'nl 

H =  

It can be seen  that between 4.00 and 8.00 hour s  H (N,)  goes through a 

l a rge  maximum, while H ( 0 )  exhibits a s m a l l e r  maximum. T h e r e  a r e  

even a number of p a s s e s  between 5.00 and 6.00 hours  where  H ( N , )  be-  

l -  
comes  negative,  i.e. increas ing  concentration with altitude. 

Examining the al t i tude/ la t i tude/ t ime relat ionships  for  these  unusual 

p a s s e s  br ings  out one per t inent  point: 

s iderably  c l o s e r  in t ime to a local  "high alt i tude sunr i se"  (J .  Lugeon, 

1957)(33) than the lower altitude measurement .  

the higher alt i tude point i s  con- 

The o the r ,  m o r e  n o r m a l  

appear ing  measu remen t s ,  w e r e  obtained in such a way a s  to  place both 

points about the s a m e  t ime interval  a f te r  the upper  a tmospher ic  sun r i se .  

Also,  the locations and dates  for these p a s s e s  put them ve ry  close to the 

point where  the sun never  actually "sets".  At 550 k i lometers  alt i tude,  

the sun never  went below the horizon a t  la t i tudes above 46" in the l a t t e r  

p a r t  of May, while the measurements  w e r e  made  f r o m  35" to 47" lati tude 

and in the alt i tude range 465 ki lometers  to540 k i lometers .  

indicate a constant sou rce  of energy into the a tmosphere  very  nea r  to 

wilei;e L1- - 

t ions mus t  include a re la t ively rapid reac t ion  of the a tmosphere  to the 

s o l a r  energy  input a t  alt i tudes g rea t e r  than 400 k i lometers ,  as wel l  as 

horizontal  gradients  and mass t ranspor t  n e a r  sunr i se .  

This would 

L I I C  IiieasurezLefits were  made. Any explanation of these obse rva -  
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5. C ONC LUSIONS 

It has been shown that d i r ec t  measu remen t s  of a tmospher ic  compo- 

si t ion a r e  possible f r o m  a high alt i tude ea r th  orbit ing satel l i te .  The r e -  

su l t s  of these measu remen t s  compare  favorably with r e su l t s  f r o m  p r e s -  

s u r e  gage exper iments  on the s a m e  spacecraf t  a s  well  as sa te l l i t e  d rag  

data  and d i r ec t  measu remen t s  made f r o m  rockets .  The sa te l l i t e  m e a s -  

urements  of fe r  grea t ly  inc reased  coverage ,  both alt i tude and location, 

and can  be used to in fe r  local  t ime var ia t ions a t  specific a l t i tudes.  

This increased  coverage inherent  with a sa te l l i t e  br ings  i t s  own 

pecul iar i t ies  to bear  on the problem of investigation of upper a t m o s -  

phere  phenomena. 

graphic  location and loca l  t ime  f o r  a given alt i tude change,  so that the 

Chief among these is the l a r g e  var ia t ion in geo- 

data cannot usually be in te rpre ted  in t e r m s  of a s imple  alt i tude profile 

of concentration. 

and atomic oxygen behavior a t  night (Section 4.1 and 4.2) which, if in- 

t e rp re t ed  in  t e r m s  of a var ia t ion with alt i tude alone would imply a lack  

of thermal  equilibrium between these two spec ie s .  

ible explanation would include var ia t ions in the boundary conditions a t  

lower levels a s  a function of location a n d / o r  t ime  and horizontal  g rad i -  

ents  in the concentrations of the two spec ie s  involved. 

We s e e ,  for  example,  data  showing molecular  ni t rogen 

A much m o r e  p laus-  

The daytime measu remen t s  indicate that ave rage  conditions n e a r  

260 ki lometers  were  an  N, concentrat ion of 1.5 f 0.5 X l o 8  c m e 3 ,  0 

concentration of 2.0 * 0.5 X l o 8  c m - 3  and  a He concentrat ion of 1.4 f 

0.3  X lo6 ~ m - ~ .  Observat ions of the O / N ,  r a t io  during undis turbed 
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conditions a t  this alt i tude indicate that a rat io  of unity would be reached  

between 200 km and 250 km. Altitude variations of concentrat ions a r e  

consis tent  with a n  a tmosphere  in diffusive equi l ibr ium at a t e m p e r a t u r e  

of 825 * 75OK. 

The night measu remen t s  in genera l  a r e  consis tent  with an i so the rma l  

a tmosphere  a t  a t empera tu re  of 650' to 700°K.  Average,  undisturbed con- 

dit ions a t  a n  alt i tude of 400 k i lometers  in the Northern Hemisphere  appear  

to  be an atomic oxygen concentration of 1.0 + 0.4 X 1 0 '  ~ m - ~ ;  molecular  

nitrogen concentration of 2.0 L- 1.0 X l o 6  ~ m - ~ ;  and hel ium concentration 

of 6.0 rt 2.0 X l o 5  ~ m - ~ .  

yield a total  density under the s a m e  conditions of 3.5 f 1.0 X 

The r a t io  of N ,  and 0 is nea r  unity a t  300 k i lometers  in these nighttime 

m e a s u r e m e n t s  implying a r a the r  thick t ransi t ion region f r o m  a n  N, a t -  

mosphe re  to the alt i tude where  atomic oxygen becomes dominant. Above 

about 550 k i lome te r s ,  hel ium h a s  a higher concentration than oxygen. 

These  individual par t ic le  dens i t ies  combine to 

gm c m - 3 .  

A somewhat unexpected r e su l t  of the observat ions was the l a r g e  

var iabi l i ty  of the absolute concentrations and ra t ios  of concentrat ions 

of the  c~r??,pnr?ents measured  a t  the same alt i tudes and local  t imes  (and ,  

i t  might  be emphasized,  with the same  piece of measur ing  equipment) on 

success ive  days.  

act ivi ty ,  especial ly  f o r  the heavier  par t ic les .  Some of these var ia t ions 

cannot be  explained en t i re ly  on the basis  of t empera tu re  changes in  the 

upper  a tmosphe re ,  but mus t  be attr ibuted to changes in the boundary 

conditions a t  the base  of the diffusive a tmosphere  (homopause) .  

T h e r e  is a s t rong  sensit ivity to changes in magnetic 

Fur the r  
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investigations a r e  c l ea r ly  requi red  in o r d e r  to  define the sou rce  of 

t hese  var ia t ions and the i r  re la t ions to  the var ious energy  inputs to the 

atmo s ph e r e .  
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Figure 1 - 

I .  

Figure  2 - 

Figure  3 - 

Figure  4 - 

FIGURES 

The Explorer  XVLI Mass  Spectrometer ,  showing the ion 

source  (where the neutral  par t ic les  a r e  ionized by electron 

bombardment) ,  the electrostat ic  ion lens ,  the e lec t r ic  sec tor  

and the magnetic analyzing region. The relationship betweer1 

the spec t rometer  axis  (which is the s a m e  a s  the satel l i te  

spin axis)  and the velocities of the incoming par t ic les  (ant i -  

para l le l  to the satel l i te  velocity vector) is a lso shown. 

Photograph of a portion of a te lemet ry  r eco rd  showing the 

logarithmic amplif ier  output for one pass .  

sampled  for eight seconds,  four in high sensit ivity and four 

seconds in low sensitivity. 

s y s t e m  is 0.20Jo. 

Each m a s s  i s  

The precis ion of the te lemetry 

The relationships K 

density,  n m ,  for  the j t h  component to the a tmospher ic  number 

density,  n a ,  for that component. 

the angle between the spectrometer  axis  and the satel l i te  

velocity vector.  

( a )  relating the measu red  number 

The angle of attack, a ,  i s  

The relationship between the altitude and the local  t ime for  

those pas ses  discussed in this paper .  Each line r ep resen t s  

the location of the satell i te for approximately one minute of 

r e a l  t ime. 
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Figure 5 - The measu red  number density of molecular  nitrogen plotted 

ve r sus  altitude for  local t imes  between 21.00 and 4.00 hours.  

Each point shown is an  average  of 120 data points over  a two 

second t ime interval ;  those measu remen t s  taken on one p a s s ,  

one minute apa r t ,  a r e  connected by a s t ra ight  line. A diffusive 

msdc! for  ari armospheric  tempera ture  of 700" is  a l so  included 

f o r  re ference .  

Figure 6 - The measu red  number density of atomic oxygen plotted v e r s u s  

altitude for  local t imes  between 21.00 and 4.00 hours .  Differ- 

ences  in the horizontal  position and local  t ime of the satel l i te  

between measu remen t s  a t  the s a m e  altitude preclude the in- 

te rpre ta t ion  of this type presentat ion as  a pure  alt i tude p ro -  

file. A model profile for T = 700" is a l so  included; the model 

is  reduced in absolute value by a factor of t h r e e  to avoid con- 

fusion with the data points. 

Figure 7 - The measu red  number density of helium plotted ve r sus  a l t i -  

tude for  local t imes  between 21.00 and 4.00 hours .  

model profile for  T = 700" is shown for  re ference .  

A diffusive 

F igure  8 - Mass  densi ty ,  ,o = X i  n i  m i ,  plotted v e r s u s  altitude for local 

t imes  between 21.00 and 4.00 hour s .  The ma jo r  components,  

atomic oxygen, molecular  ni t rogen and he l ium,  have been in- 

cluded in the summation. 
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Figure  9 - Mean m a s s ,  M = 1. n i M . / Z ,  n i ,  plotted ve r sus  altitude for  

local  t imes  between 21.00 and 4.00 hours .  

u red  components,  N, ,  0 and He have been included in the ca l -  

c d a t i o n .  

1 1  

The ma jo r  m e a s -  

F igure  10 - The measu red  number density of molecular  nitrogen ve r sus  

altitude for local t imes  between 4.00 and 21.00 hours .  A 

diffusive model  profile fo r  T = 800' i s  included for reference.  

F igure  11 - The measu red  number density of a tomic oxygen plotted v e r -  

s u s  altitude for  local t imes between 4.00 and 21.00 hours.  

These  measu remen t s  were made during the f i r s t  two weeks 

of April.  A diffusive model profile for T = 800' is included 

for  reference.  

F igure  12 - The m e a s u r e d  number density of a tomic oxygen plotted 

ve r sus  altitude for  local t imes  between 4.00 and 21.00 

hours .  

two weeks of May. 

is ir,c!uded for reference.  

These measurements  w e r e  made during the las t  

A diffusive model profile for  T = 800' 

F igu re  13 - The measu red  number density of hel ium plotted ve r sus  

altitude for  local t imes between 4.00 and 21.00 hours.  

These  measu remen t s  were  made in the Northern Hemi-  

sphere  during the f i r s t  two weeks in April .  

model  profile for T = 800' ( reduced in absolute value by 

a factor  of th ree)  is shown for  reference.  

A diffusive 
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Figure 14 - The measu red  number density of hel ium plotted ve r sus  

altitude for  loca l  t imes  between 4.00 and 21.00 hours .  

These measurements  were  made in both the Northern and 

Southern Hemispheres  during the last two weeks in May. 

A diffusive model profile for  T = 800" ( reduced  in  absolute 

value by th ree )  is shswn fo~r  re ference .  

F igure  15 - Mass  density,  p = 1 n i  m i ,  plotted ve r sus  altitude for  local 

t imes  between 4.00 and 21.00 hours .  

components,  N , ,  0 ,  and He, have been included. 

Only the three  m a j o r  

F igure  16 - Mean m a s s ,  M = 2 n i  M i  / Z  n i ,  plotted v e r s u s  altitude f o r  

loca l  t imes  between 4.00 and 21.00 hours .  N , ,  0 ,  and He 

have been included in the calculation. 

F igure  17  - The observed "scale height", H ,  plotted ve r sus  local t ime.  

The quantity N = z 1  - z o / l n  n o / n l  is a m e a s u r e  o f  the 

variation in number density with al t i tude,  with the intro-  

duction of additional e f f e c t s  due to  horizontal  changes in 

the densi t ies  of the components.  
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